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Original Research Article
Rural Hospital Nursing Skill Mix and Work
Environment Associated With Frequency of
Adverse Events
Jessica G. Smith, PhD, RN1 , Colin M. Plover, PhD, RN2,
Moira C. McChesney3, and Eileen T. Lake, PhD, RN, FAAN3
Abstract
Introduction: Although rural hospitals serve about one fifth of the United States, few studies have investigated relationships
among nursing resources and rural hospital adverse events.
Objectives: The purpose was to determine relationships among nursing skill mix (proportion of registered nurses [RNs] to
all nursing staff), the work environment, and adverse events (medication errors, patient falls with injury, pressure ulcers, and
urinary tract infections) in rural hospitals.
Methods: Using a cross-sectional design, nurse survey data from a large study examining nurse organizational factors,
patient safety, and quality from four U.S. states were linked to the 2006 American Hospital Association data. The work
environment was measured using the Practice Environment Scale of the Nursing Work Index (PES-NWI). Nurses reported
adverse event frequency. Data analyses were descriptive and inferential.
Results: On average, 72% of nursing staff were RNs (range¼ 45%–100%). Adverse event frequency ranged from 0% to 67%,
across 76 hospitals. In regression models, a 10-point increase in the proportion of RNs among all nursing staff and a one
standard deviation increase in the PES-NWI score were significantly associated with decreased odds of frequent adverse
events.
Conclusion: Rural hospitals that increase the nursing skill mix and improve the work environment may achieve reduced
adverse event frequency.
Keywords
health services research, hospitals, nursing, work environment, nursing skill mix
Date received: 28 January 2019; revised: 24 March 2019; accepted: 13 April 2019
Introduction
Adverse events, defined by the Joint Commission as
‘‘patient safety event[s] that resulted in harm to a
patient,’’ are estimated to be the third leading cause of
death in the United States (Joint Commission, 2016;
Makary & Daniel, 2016). Improving nursing surveillance
in hospitals is one promising approach to prevent adverse
events (Henneman et al., 2010; Henneman, Gawlinski, &
Giuliano, 2012; Kelly & Vincent, 2011; Lucero, Lake,
& Aiken, 2010; Voepel-Lewis, Pechlavanidis, Burke, &
Talsma, 2013). Global evidence from multiple countries
supports that enriching the hospital nursing skill mix,
which is antecedent to improving nursing surveillance, is
associated with fewer adverse events in hospitals (Griffiths
et al., 2018; Patrician et al., 2011; Twigg, Duffield,
Bremner, Rapley, & Finn, 2012; Yang, Hung, Chen, Hu,
& Shieh, 2012). Nursing skill mix refers the proportion of
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registered nurses (RNs) to all nursing staff (Duffield et al.,
2011).
The work environment, also antecedent to nursing
surveillance effectiveness (Kelly & Vincent, 2011), is
‘‘the organizational characteristics of a work setting
that facilitate or constrain professional nursing practice’’
(Lake, 2002, p. 178). Plentiful literature has identified
associations between better nursing work environments
and better patient outcomes (Aiken et al., 2011; Duffield
et al., 2011; Kang, Kim, & Lee, 2014; Kelly, Kutney-Lee,
Lake, & Aiken, 2013; Kirwan, Matthews, & Scott, 2013;
Stalpers, de Brouwer, Kaljouw, & Schuurmans, 2015;
Wei, Sewell, Woody, & Rose, 2018). However, few stu-
dies have investigated the influence of modifiable hos-
pital characteristics, such as the proportion of RNs to
all nursing staff and the work environment on adverse
event frequency, at the same time in rural hospitals.
Using multistate nurse survey data, the study aims
were to evaluate how the proportion of RNs to all nur-
sing staff and work environments are associated with the
occurrence of nurse-reported adverse events in rural
hospitals. The theoretical basis for this study is that the
proportion of RNs to all nursing staff and work envir-
onments, both structural components of the Quality
Health Outcomes Model which guided this study
(Mitchell, Ferketich, & Jennings, 1998), might have an
important role in predicting rural patient outcomes.
Evidence about how nursing skill mix and work envir-
onments influence adverse events in rural hospitals is
relevant given existing evidence that there are fewer
RNs to all nursing staff in rural as compared to urban
hospitals (Baernholdt & Mark, 2009). Findings of this
study inform how hospital nursing resources can be
modified to improve the quality of acute care services
for rural residents.
Review of Literature
Rural hospitals, though fewer in number, serve about
one fifth of the U.S. population (L. G. Hart, Larson,
& Lishner, 2005) and have unique cultures
(Baernholdt, Jennings, Merwin, & Thornlow, 2010)
and population-based needs (Bolin et al., 2015). Rural
nurses must be prepared to offer essential lifesaving care
with fewer human and material resources (Baernholdt &
Mark, 2009; The Council of State Governments, 2011) to
serve a population that is older, poorer, more ill, and
more frequently uninsured compared to urban residents
(Bolin et al., 2015; Havens, Warshawsky, & Vasey,
2012). Unlike nurses in large urban hospitals who more
commonly practice in health-care specialties, nurses who
work in rural hospitals must be expert generalists to care
for patients across the lifespan. Rural nurses need to
facilitate timely transfers of patients (Baernholdt et al.,
2010) who experience rapid condition changes to urban
facilities with specialists and advanced technological cap-
abilities. Ensuring that rural hospitals are equipped with
enough RNs to all nursing staff and better work envir-
onments might help improve nurse surveillance and deci-
sion-making (Aiken, Clarke, Cheung, Sloane, & Silber,
2003), and therefore might reduce adverse event
frequency.
Increasing the proportion of RNs to all nursing staff
in rural hospitals is an evidence-based (International
Council of Nurses [ICN], 2018) long-term management
plan associated with decreased adverse events (Dall,
Chen, Seifert, Maddox, & Hogan, 2009). Hospital-level
nursing care strategies associated with decreased adverse
events are sought after in today’s era of value-based pur-
chasing, which requires better outcomes for full hospital
reimbursement (Ryan, Krinsky, Maurer, & Dimick,
2017). The ICN position statement on evidence-based
nurse staffing (ICN, 2018) supports cultivating a suffi-
cient nursing skill mix in consideration of patient needs
and for improved patient care outcomes. In general,
large medical centers tend to have a higher proportion
of RNs to all nurses than community hospitals; however,
critical care units, which have the highest proportion of
RNs, tend to have the same proportion of RNs regard-
less of hospital type (Welton, Unruh, & Halloran, 2006).
Nurses working in hospitals with a higher proportion of
RNs to all nurses are less likely to report poorer quality
care and lower patient safety (Aiken et al., 2017). One
study found that the strongest predictor of nurse turn-
over, an expensive cost for hospitals, was the proportion
of RNs to all nurses (Staggs, Olds, Cramer, &
Shorr, 2017).
Despite plentiful empirical evidence about how an
increased proportion of RNs to all nurses is associated
with lower odds of adverse events in larger populations
(Kane, Shamliyan, Mueller, Duval, & Wilt, 2007), the
association between the proportion of RNs among nur-
sing staff and rural hospital adverse events remains
understudied. Rural hospitals continue to be staffed
with a lower proportion of RNs to all nursing staff
(Baernholdt & Mark, 2009) without sufficient evidence
to inform this practice. Rural hospitals might continue to
be staffed with a lower proportion of RNs to all nursing
staff because of a lack of employer incentives to hire
more RNs (Jones, Yoder, & Baernholdt, 2019). One
incentive, for example, might be a mandate to provide
better reimbursement rates for hospitals that have a
higher proportion of RNs to all nursing staff (Jones
et al., 2019). In other populations, increasing the propor-
tion of RNs to all nursing staff has been associated with
decreased physical restraint use (P. Hart & Davis, 2011;
Staggs et al., 2017), lower odds of mortality in medical
and surgical patients (Aiken et al., 2017; Kane et al.,
2007), decreased pressure ulcers, falls with injuries,
urinary tract infections (UTIs) (Aiken et al., 2017;
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P. Hart & Davis, 2011), decreased rates of hospital-
acquired pneumonia (Kane et al., 2007), and decreased
rates of sepsis (Kane et al., 2007; Twigg et al., 2012).
Better patient outcomes that might be achieved through
staffing higher proportions of RNs to all other nurses are
important to ensure long-term financial solvency for hos-
pitals in the current era of value-based care, which
requires optimal patient outcomes for reimbursement
(Blumenthal & Jena, 2013).
Cost-effective nursing resource modifications, such as
improving the work environment, are not discussed
enough in the rural health literature as having a potential
positive influence on patient outcomes in rural hospitals.
Factors of the work environment to which we refer in
this article, as measured in prior studies (Kirwan et al.,
2013; Warshawsky & Havens, 2011), include nurse man-
ager leadership, staffing and resource adequacy, nurse–
physician collegial relations, nursing foundations for
quality of care, and involvement in hospital affairs
(Lake, 2002). Extensive evidence demonstrates that
more favorably rated work environments are associated
with better patient outcomes, including decreased mor-
tality (Aiken et al., 2011; Warshawsky & Havens, 2011),
decreased adverse events (Kelly et al., 2013; Warshawsky
& Havens, 2011), decreased failure to rescue (McHugh,
Berez, & Small, 2013; Warshawsky & Havens, 2011), and
improved patient safety (Kirwan et al., 2013;
Warshawsky & Havens, 2011). More favorable work
environments have been associated with better patient
care quality outcomes, and with improved nurses’ out-
comes, at the same time (Copanitsanou, Fotos, &
Brokalaki, 2017). However, few studies have examined
the rural work environment at the hospital level
(Baernholdt & Mark, 2009), despite the fact that it is
noted to differ from urban hospitals work environments
in qualitative data and among small samples with quan-
titative data (Cline et al., 2014).
Studies that have examined nurse work environments
in rural settings have not included the proportion of RNs
to all nursing staff as an additional variable influential to
adverse events (Baernholdt & Mark, 2009; Cline et al.,
2014; Krebs, Madigan, & Tullai-McGuinness, 2008;
MacPhee & Scott, 2002; Meraviglia et al., 2009;
Newhouse, Morlock, Pronovost, Colantuoni, &
Johantgen, 2009; Newhouse, Morlock, Pronovost, &
Sproat, 2011; Sullivan Havens, Warshawsky, & Vasey,
2013). Although past studies have examined the
effect of nurse work environments on nursing outcomes,
such as job satisfaction, turnover rate (Baernholdt &
Mark, 2009), and the prevalence of patient falls in dif-
ferent geographic regions (Baernholdt, 2018), little
research exists about how nursing work environments,
inclusive of the proportion of RNs to all nursing
staff, affects the frequency of adverse events in rural
hospitals.
Theoretical Framework
The Quality Health Outcomes Model (Mitchell et al.,
1998) was used to guide this study. This model suggests
reciprocal influence between interventions, system char-
acteristics, patient outcomes, and population character-
istics with no proposed direct influence of interventions
on patient outcomes, meaning that interventions influ-
ence outcomes through system and population charac-
teristics (Mitchell et al., 1998). Modification of the
health-care system might mediate effects of interventions
on patient outcomes (Mitchell et al., 1998) and is there-
fore critical to understand. Nursing surveillance is a the-
oretical intervention mediated by system characteristics
and population characteristics to influence outcomes.
The Nursing Interventions Classification definition of
nursing surveillance is ‘‘purposeful and ongoing acquisi-
tion, interpretation, and synthesis of patient data for
clinical decision-making’’ (Butcher, Bulechek,
Dochterman, & Wagner, 2018, p. 6650). Nursing surveil-
lance requires analytic decision-making that surpasses
the act of monitoring or assessment (Kelly & Vincent,
2011). This decision-making and analytic process might
be enhanced with nurses who are trained to think
through clinical situations using the nursing process.
Modifications to the health-care system to influence
nursing surveillance might include increasing nursing
skill mix and improving the nurse work environment
and might be required to have a positive effect on patient
outcomes such as decreased adverse event frequency.
The ICN (2018) defines safe nurse staffing as having
‘‘an appropriate number of nurses [. . .] available at all
times across the continuum of care, with a suitable mix
of education, skills and experience to ensure that patient
care needs are met and that the working environment
and conditions support staff to deliver quality care’’
(p. 1). That a richer nursing skill mix and the work envir-
onment might be associated with reduced adverse event
frequency in rural hospitals is a hypothesis based on the
Quality Health Outcomes Model theoretical principles
(Mitchell et al., 1998). Therefore, there is conceptual sup-
port for the hypotheses of this study.
Purpose
The purpose of this study was to determine how the pro-
portion of RNs to all nursing staff and nurse work envir-
onments, two modifiable features of rural hospitals,
influence nurse sensitive adverse events. There were two
research hypotheses: (a) more favorably rated nurse
work environments will be associated with decreased
odds of frequent nurse-reported adverse events such as
falls with injury, pressure ulcers, medication errors, and
UTIs and (b) higher proportions of RNs to other nursing
personnel will be associated with decreased odds of fre-
quent nurse-reported adverse events.
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Methods
Design and Data Collection
This study was cross-sectional. Two data sources were
linked for analyses: (a) nurse survey data from the 2005–
2008 Multi-State Nursing Care and Patient Safety Study
Survey and (2) the American Hospital Association
(AHA) data from 2006 to describe hospital characteris-
tics. Although over a decade old, these nurse survey data
are unique in providing valid hospital-level measures of
nursing organizational features recognized internation-
ally. More recent nurse survey data were not otherwise
available. Rural hospitals (n¼ 76) were identified by the
AHA variable for Core-Based Statistical Area type,
which has three categories: metropolitan, micropolitan,
and rural. Hospitals classified as micropolitan and rural
were classified as ‘‘rural.’’
In the 2005–2008 Multi-State Nursing Care and
Patient Safety Study Survey (e.g., the parent study),
nurses reported about the hospitals in which they
worked. Data were collected through mail surveys sent
to random samples of licensed nurses in four large states:
California, Florida, New Jersey, and Pennsylvania.
These four states account for over 20% of hospitaliza-
tions per year in the United States (Aiken et al., 2011).
This approach was designed to yield a representative
sample of nurses and resulted in a 39% response rate
(Aiken et al., 2011). Evidence from a nonresponse
survey (91% response rate) revealed no significant differ-
ence between original responders and nonresponders
(Aiken et al., 2011). Only three of the four states were
included, as there were no rural hospitals in our sample
from New Jersey.
Rural hospitals with fewer than five nurse respondents
were excluded to ensure that there was an acceptable
interrater reliability among nurses for the work environ-
ment variable, which is a psychometric instrument aggre-
gated to the hospital level. In our sample, the average
number of nurse respondents per rural hospital was 17.
The intraclass correlation (ICC(1,k)) value for measuring
the nurse work environment at the hospital level was
satisfactory at above 0.60, which exceeds the minimum
established value of 0.60 needed for estimating aggregate
reliability measures for measuring organizational charac-
teristics (Estabrooks, Midodzi, Cummings, Ricker, &
Giovannetti, 2005).
Measurement
Outcome Variables
Nurses indicated the frequencies of the following adverse
events: medication administration errors, pressure ulcers,
falls with injury, and UTIs, using multiple choice ques-
tions. Nurses responded to the question, ‘‘How often
would you say each of the following incidents occurs
involving you or your patients?’’ Response categories
were never (1), a few times a year or less (2), once a
month or less (3), a few times a month (4), once a week
(5), a few times a week (6), and every day (7). Nurse
survey responses were checked for missing values and
possible coding errors. Adverse event data were missing
ranging from 5.5% to 13%, likely due to the sensitive
nature of adverse event reporting frequency. Paper
survey response scanning errors might have also contrib-
uted to the rate of missing data. Missing data might con-
tribute to selection bias. In this case, missing data for
adverse events were distributed evenly across the
sample hospitals, which indicate that there was not a
pattern among nurses from specific hospitals not answer-
ing about adverse events.
Although benchmarking quality and safety measures
is often difficult in rural hospitals due to lower patient
census and frequent fluctuations in patient volume and
acuity (Newhouse, 2005), nurses are some of the best
informants of hospital quality and safety (Aiken, 2002).
Previous studies have demonstrated that nurse-reported
care quality measures are highly correlated with object-
ive patient outcomes such as mortality and failure-to-
rescue (McHugh & Stimpfel, 2012).
For regression analyses, we coded responses for each
of the four adverse events that occurred once a month or
less up to as frequent as to every day as frequent (1).
Conversely, adverse event responses for each that
occurred a few times a year or less or never were coded
as infrequent (0).
Predictor Variables
Nursing skill mix was defined as the proportion of RNs
compared to the number of total nursing staff, which
includes other licensed and unlicensed nursing personnel
(Jacob, McKenna, & D’Amore, 2015). From this point
forward until the discussion, we will refer to the propor-
tion of RNs to all nurses as ‘‘nursing skill mix’’ to be
consistent with other literature and our measurement
approach. In the discussion, we will return to referring
to nursing skill mix as the proportion of RNs to all
nurses to provide a practical discussion.
Nursing skill mix was measured with a fill in question
that stated, ‘‘Counting yourself, how many of each of the
following provided direct patient care on your unit the
most recent shift/day you worked?’’ Nursing skill mix
was calculated as the proportion of RNs to RNs,
licensed vocational nurses or licensed practical nurses
(LVNs or LPNs) and unlicensed assistive personnel
(UAPs) (i.e., RNs / [RNsþLVNs or LPNsþUAPs]).
The theoretical range for nursing skill mix proportion
is 0 to 1 and is interpreted as a percentage. The nursing
skill mix variable was multiplied by 10 for interpretation
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of logistic regression results as a 10-point increase in the
proportion of RNs among all nursing staff. Details about
how missing data were managed to create this variable
are available upon request.
The nurse work environment was measured with the
validated, reliable, National Quality Forum-endorsed
Practice Environment Scale of the Nursing Work Index
(PES-NWI), which consists of Likert items that range
from strongly disagree (1) to strongly agree (4) (Lake,
2002). The PES-NWI consists of five subscales, including
nurse manager leadership, staffing and resource ade-
quacy, nurse–physician collegial relations, nursing foun-
dations for quality of care, and involvement in hospital
affairs (Lake, 2002). The PES-NWI has been validated
for use to measure aspects of the rural acute care nurse
practice environments (Havens et al., 2012). Data missing
for the nurse work environment were minimal at less than
2%, and PES-NWI items that were missing responses
were replaced with the row mean when scores were aggre-
gated for hospital level analyses, as described in a prior
report using this sample (Smith, Plover, McChesney, &
Lake, 2019). The nurse work environment composite
scores, which are comprised of all five subscales, were
standardized for interpretation of logistic regression
results. Standardizing the work environment composite
scores rescales the scores to fit a normal distribution
where the distribution mean is 0 and 1 standard deviation
(SD) change is used to describe the associated change in
the adverse events in each model.
Because the staffing and resource adequacy subscale is
a broader measure of nurse staffing and resources as part
of the nurse work environment (Olds, Aiken, Cimiotti, &
Lake, 2017), we used a direct measure to estimate nursing
skill mix. The PES-NWI subscale entitled ‘‘Staffing and
Resource Adequacy’’ contains four items: (a) enough staff
to get the work done, (b) enough RNs to provide quality
patient care, (c) adequate support services allow me to
spend time with my patients, and (d) enough time and
opportunity to discuss patient care problems with other
nurses (Lake, 2002). One of these items asks about having
enough RNs to provide quality patient care. To support
our reasoning to keep the staffing and resource adequacy
subscale as part of our PES-NWI measure, we ran sensi-
tivity analyses using a four-subscale PES-NWI in the final
logistic regression models to compare with our results.
Final logistic regression model results using the four-sub-
scale composite for the work environment were almost
identical to using the five-subscale composite, which sup-
ports our decision to use all five subscales of the PES-
NWI to measure the work environment.
Descriptive Variables
Hospitals were coded as Critical Access Hospitals
(CAHs) if listed as having that designation on the Flex
Monitoring Team website (last updated July 27, 2018)
(Flex Monitoring Team, 2018). The Flex Monitoring
Team is a consortium of three rural health research cen-
ters in Minnesota, North Carolina, and Maine (Flex
Monitoring Team, 2018). Hospitals were coded as
being Swing Bed Providers if identified as having that
designation on the National Provider Identifier
Database (2018). Swing Bed Providers include rural hos-
pitals that participate in Medicare and are permitted
through the Centers for Medicare and Medicaid
Services to use rural hospital beds for either acute or
skilled nursing care as needed (Centers for Medicare
and Medicaid Services, 2017).
Hospitals were considered to be nonteaching status if
not noted in the AHA data as having any residents or
fellows. Teaching hospitals would have at least a 1:4
trainee-to-bed ratio. Technology status was measured
according to the presence of open heart and or trans-
plant surgery hospitals.
Data Analyses
After management of missing data and variable gener-
ation, descriptive analyses were performed, hospital-level
distributions were assessed, and logistic regression ana-
lyses were performed to generate main results.
Independent variables were the work environment and
nursing skill mix. Dependent variables were the four
adverse events and were measured and analyzed inde-
pendently. Bivariate logistic regression models at the
nurse level were estimated to understand how the nurse
work environment and nursing skill mix might influence
adverse events independently, which required estimating
eight bivariate models. Joint logistic regression models
were estimated to test how the work environment and
skill mix influence each adverse event when both inde-
pendent variables are accounted for in a single model,
which resulted in four joint models. In regression models,
we controlled for rural hospitals that were critical access
and had swing beds because nurses’ reports of frequent
adverse events differed in these hospitals.
Results
Of the 76 rural hospitals, 30% were in California, 14%
were in Florida, and 55% were in Pennsylvania. Over
half of rural hospitals (58%) had fewer than 100 beds
and 3% of rural hospitals had more than 250 beds. Only
4% of rural hospitals were classified as high technology.
Most rural hospitals (88%) were nonteaching. Rural
hospitals with CAH designation comprised 29% of the
hospital sample, and almost half (47%) of hospitals were
Swing Bed Providers (22% were both CAH and Swing
Bed Providers). There were 1,165 rural nurses across the
76 hospitals, whose job statuses ranged from full time
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(68%), part time (22%), and per-diem (10%). The mean
age of nurses in the sample was 45.8 years and on aver-
age, the nurses had 17.5 years of experience. In addition,
94% of nurses were female.
At least three quarters of nurses reported that all
adverse events occurred infrequently (i.e., at most a few
times a year). The most frequent adverse event reported
was UTIs; 25% of nurses reported these as occurring
from ‘‘once a month or less’’ to ‘‘every day.’’ Falls
with injury and medication errors were reported as
next most frequent after UTIs, followed last by pressure
ulcers, which occurred least frequently. Very few nurses
reported any adverse event as happening ‘‘once a week’’
or more often; the highest was UTI at 3.1% of nurses
(Table 1).
Across rural hospitals, nurse reports of adverse event
frequency varied considerably. For all adverse events, at
least one hospital had all nurses reporting the adverse
event never happened. Among the four adverse events,
frequent UTIs were reported by the highest percentage of
nurses, 22% on average. This percentage ranged sub-
stantially across hospitals from 0% to 60%. Frequent
pressure ulcers were reported by the lowest percentage
of nurses, 12% on average, ranging from 0% to 50%.
Frequent medication errors and falls with injury were
reported by 17% and 15% of nurses on average, respect-
ively (Table 2). The prevalence of nurses reporting fre-
quent adverse pressure ulcers and falls with injury was
significantly lower in CAHs. The prevalence of nurses
reporting frequent falls with injury and UTIs was signifi-
cantly lower in hospitals that were also Swing Bed
Providers.
On average, rural hospital nursing skill mix was 72%
and ranged from 45% to 100% (Table 3). Skill mix
across hospitals was approximately normally distributed
(Figure 1). On average, the nurse work environment
composite score of 2.68 reflected between neutral (2.5)
and favorable (3.0). Most aspects of the work environ-
ment were, on average, favorable—that is, nursing foun-
dations for quality care (2.84), nurse manager ability,
leadership, and support of nurses (2.60), staffing and
resource adequacy (2.60), and collegial nurse–physician
relations (2.89)—except for nurse participation in hos-
pital affairs, which was 2.46 on average and ranged
from 1.65 (unfavorable) to 3.15 (favorable). The two
subscales that exhibited the greatest variation were
nurse manager ability, leadership, and support of
nurses and staffing and resource adequacy, with SDs of
about .375 (Table 1). Refer to Figure 2 to see box and
whisker plots displaying the variation in the work envir-
onment subscales in the rural hospital sample, arrayed
from most to least favorable.
Regression Results
In the adjusted bivariate logistic regression model, an
increase of one SD in the work environment score, that
is, a standard variation in scores for this sample, was
associated with a reduction of 42% (p< .01) in the
odds that a nurse reported medication errors as occur-
ring frequently. Each 10-point increase in the proportion
of RNs among all nursing personnel was associated with
a 21% (p< .01) decrease in these odds. In a joint regres-
sion model, these coefficients did not change (Table 4).
An increase of one SD in the work environment score
was associated with a reduction of 46% (p< .01) in the
odds that a nurse reported pressure ulcers as occurring
frequently. Each 10-point increase in the proportion of
RNs among all nursing personnel was associated with a
20% (p< .01) decrease in these odds. In a joint logistic
Table 1. Nurse Reported Frequency of Adverse Events on Their Unit (Nurse Level).
Infrequent (%) Frequent (%)
Never
A few times a
year or less
Once a month
or less
A few times
a month
Once
a week
A few times
a week
Every
day
Medication error (n¼ 1,265) 28.5 55.7 9.0 5.0 1.0 0.8 0.1
Pressure ulcer (n¼ 1,199) 48.2 38.8 7.8 4.1 0.6 0.5 0.1
Fall with injury (n¼ 1,218) 38.6 46.1 9.0 4.8 1.1 0.4 0.2
Urinary tract infection (n¼ 1,165) 30.6 44.8 14.1 7.5 2.0 0.8 0.3
Note. Percentages might not add to 100 due to rounding.
Table 2. Percent of Nurses Reporting Frequent Adverse Events
(n¼ 76 Hospitals).
Dependent variables Mean (%) SD (%) Min Max (%)
Medication errors 17 14 0 67
Pressure ulcers 12 12 0 50
Fall with injury 15 13 0 50
Urinary tract infection 22 15 0 60
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regression model, these coefficients did not change
(Table 4).
An increase of one SD in the work environment score
was associated with a reduction of 50% (p< .01) in the
odds that a nurse reported falls with injury as occurring
frequently. Each 10-point increase in the proportion of
RNs among all nursing personnel was associated with a
27% (p< .01) decrease in falls with injury. In a joint
logistic regression model, these coefficients did not
change (Table 4).
An increase of one SD in the work environment score
was associated with a reduction of 40% (p< .01) in the
odds that a nurse reported UTIs as occurring frequently.
Each 10-point increase in the proportion of RNs among
all nursing personnel was associated with a 12% (p< .01)
decrease in the odds of a UTI. In a joint logistic regres-
sion model, these coefficients did not change (Table 4).
Discussion
We were motivated to understand how the proportion of
RNs to all nursing staff and work environments in rural
hospitals are associated with the frequency of nurse-
reported adverse events, such as falls, pressure ulcers,
medication errors, and UTIs. Rural hospitals with a
higher proportion of RNs to all nursing staff, on aver-
age, were associated with a 19% reduced odds for medi-
cation errors, pressure ulcers, falls with injury, and UTIs.
On average, better work environment ratings were asso-
ciated with a 44% reduced odds of medication errors,
Figure 1. Distribution of skill mix across rural hospitals.
Table 3. Rural Hospital Nurse Skill Mix and Work Environment (n¼ 76 Hospitals).
Independent variables Mean SD Min Max
Nurse skill mix .72 .11 .45 1.0
Nurse participation in hospital affairs 2.46 .31 1.65 3.15
Nursing foundations for quality of care 2.84 .23 2.27 3.35
Nurse manager ability, leadership, and support of nurses 2.60 .37 1.75 3.50
Staffing and resource adequacy 2.60e .38 1.80 3.60
Collegial nurse–physician relations 2.89 .26 2.20 3.67
Nurse work environment composite 2.68 .26 2.15 3.35
Note. Minimum values refer to hospitals with the lowest PES-NWI subscale and composite scores in sample. Maximum values refer to hospitals with the
highest PES-NWI subscale and composite scores in sample.
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pressure ulcers, falls with injury, and UTIs. In all
models, the work environment had a stronger associ-
ation than nursing skill mix with the occurrence of
nurse-reported adverse events. Our evidence supports
both improving the work environment and increasing
the proportion of RNs to all nursing staff in rural hos-
pitals as an avenue for improving outcomes.
The effects of an increased proportion of RNs to all
nursing staff and better nurse work environments were
almost identical across models to predict the four nurse-
reported adverse events whether considered as single or
joint predictors. Because the odds for adverse events did
not change with both the proportion of RNs to all nur-
sing staff and work environment were included as pre-
dictors in the same models, it is possible that these two
organizational features contribute as independent factors
to influence adverse event frequency in rural hospitals.
This means that rural hospitals could benefit from
decreased odds of adverse events through either
making improvements to the nurse work environment
or increasing the proportion of RNs to all licensed and
unlicensed bedside nursing care staff.
Although work environments and an increased pro-
portion of RNs to all nursing staff were both associated
with significant reduced odds in adverse events in all
models, the work environment had a stronger associ-
ation with reduced odds of adverse events. This might
be due to greater variation in work environments across
rural hospitals. Given that increasing the number of RNs
in relation to all licensed and unlicensed nursing staff
might not be feasible in the short term, it may be rea-
sonable to focus efforts on improving the work environ-
ment as a first step to reducing odds of adverse events.
Supporting LVNs or LPNs to become RNs, or recruiting
more RNs to work at rural hospitals, might be a multi-
year effort. In contrast, improving the work environment
over a period of months could be a more feasible first
step to lowering the odds of adverse events. Although
efforts to improve both of these organizational features
may serve to reduce adverse events even more, logistical
and financial limitations may necessitate a phased
approach to the implementation. In addition, increasing
the proportion of RNs to all nursing staff might affect
hospital finances given the higher cost of RNs as com-
pared to LPNs; therefore, work environment interven-
tions may provide rural hospitals with a plan to begin
addressing adverse events without further exacerbating
financial challenges.
Nevertheless, our findings reveal that increasing the
proportion of RNs to all nursing staff is a promising
avenue for reducing the odds of nurse-reported adverse
events. One standard increase in nursing skill mix was
associated with a 19% average decrease in the odds of
all nurse-reported events. This consistent pattern for all
four adverse events supports improving the work envir-
onment and increasing the proportion of RNs to all nur-
sing staff would be beneficial changes in efforts to reduce a
wide range of adverse events. To illustrate this finding,
consider a medical surgical nursing unit with 20 patients
requiring 7 nursing personnel for bedside care: 5 licensed
Figure 2. Distribution of work environment scores across rural hospitals.
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nurses and 2 UAPs. If the charge nurse and two bedside
nurses are RNs, and two bedside nurses are LVNs
or LPNs, then the unit skill mix is 43% RNs to all
bedside nursing staff (i.e., 3 RNs/7 nurses¼ .43).
In the same scenario, if an LVN or LPN were to
have obtained RN licensure, the nursing skill mix would
be 57% instead of 43%, a 14% increase in skill mix. Our
findings support that such a 14% increase in nursing skill
mix would be associated with an estimated 19% decrease
in the odds of all nurse-reported adverse events, a prac-
tical and useful implication of this research.
Rural nurses rated involvement in hospital affairs as
being unfavorable on average (mean¼ 2.46), with sub-
stantial variation between the lowest rating of 1.65
(unfavorable) and the highest rating of 3.15 (favorable).
These score differences suggest that some rural hospitals
provide more opportunities for nurses to participate in
hospital affairs than other rural hospitals. Nurse involve-
ment in hospital affairs were measured through determin-
ing the following as either favorable or unfavorable: staff
nurse involvement in internal hospital governance (i.e.,
unit-based committees), staff nurse involvement in hos-
pital policy decisions, staff nurse opportunities for
advancement within the hospital, and staff nurse aware-
ness if the chief nursing officer was equivalent in power to
other hospital executives (Lake, 2002). To improve nurse
involvement in hospital affairs, rural hospital administra-
tors could invite bedside nurses to be members of joint
decision-making groups composed of administration staff
and direct care providers in the hospital. Such an effort
would validate the important role of nurses, as continuous
direct care providers, as health-care team members aware
of threats to patient safety that need intervention for
better patient safety and care quality. Our finding that
nurse participation in hospital affairs is the lowest rated
work environment subscale in rural hospitals differs from
results found from a systematic review of studies that used
the PES-NWI, as most settings rate staffing and resource
adequacy as lowest across all settings globally
(Warshawsky & Havens, 2011). This highlights the
unique nursing resource needs of rural hospitals in the
United States.
The variation between hospitals for nursing skill mix
(range¼ 45%–72%) was notable. The hospital in our
sample with a nursing skill mix of 45% is 27 percentage
points lower than the hospital with nursing skill mix of
72%. This indicates a maldistribution of RNs across
rural areas consistent with other studies (Jones et al.,
2019) and raises a new question about how variations
in nursing skill mix across rural hospitals might or
might not be satisfactory given unique geographic area
population-based needs. Future studies should examine
potential associations between hospitals with different
proportions of RNs to all other nursing staff and rural-
relevant hospital patient outcomes, such as timely trans-
fer to a higher level of care, to determine the significance
of nursing skill mix variations in recent data. In addition,
the effect of rural hospital nursing skill mix in consider-
ation of patient-to-nurse ratios on rural patient out-
comes needs to be studied.
The hospital average for prevalence of nurse-reported
frequent fall rates with injury within our rural U.S.
Table 4. Odds Ratios Indicating the Effects of Nursing Skill Mix and Work Environments on Adverse Event Frequency in Rural Hospitals.
Rural hospital outcome
Adjusted bivariate models Adjusted joint models
OR 95% CI OR 95% CI
Nurse-reported adverse events
Medication error
Nurse work environment 0.58** 0.49–0.67 0.61** 0.52–0.73
Nurse skill mix 0.79** 0.72–0.87 0.80** 0.73–0.88
Pressure ulcer
Nurse work environment 0.54** 0.43–0.68 0.54** 0.43–0.67
Nurse skill mix 0.80** 0.74–0.87 0.81** 0.75–0.88
Fall with injury
Nurse work environment 0.50** 0.41–0.60 0.50** 0.41–0.61
Nurse skill mix 0.73** 0.67–0.79 0.74** 0.68–0.80
Urinary tract infection
Nurse work environment 0.60** 0.49–0.72 0.61** 0.51–0.73
Nurse skill mix 0.88** 0.81–0.94 0.89** 0.82–0.96
Note. Adjusted models control for the effect of reports from critical access hospitals and hospitals that were also swing bed providers. The nurse work
environment is standardized. The number of nurse respondents for all adverse event reports used in regression analyses ranged from 1,078–1,248.
OR¼ odds ratio; CI¼ confidence interval.
**p< .01.
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hospital sample (15%) was lower than in other samples,
though measurement methods might contribute to these
differences. For example, researchers found a nurse-
reported patient fall prevalence of 60.5% in Korean hos-
pitals using a dichotomous ‘‘frequent’’ or ‘‘infrequent’’
variable created from a 4-point Likert-type scale to meas-
ure adverse events (Kang et al., 2014), whereas we used a
6-point Likert-type scale to create a dichotomous ‘‘fre-
quent’’ or ‘‘infrequent’’ variable. Using the same 6-point
Likert-type scale in this study, nurse survey data from 1998
and 1999 indicate that patient falls with injury were
reported as frequent by 20.4% of nurses in the United
States, 27.9% in Canada, and 15% in Germany (Aiken
et al., 2001). Although the nurse-reported prevalence of
frequent falls with injury within our sample of rural U.S.
hospitals from three states (15%) was lower than a general
U.S. sample (27.9%) from 1998 and 1999 nurse survey
data, it is unclear how comparable these rates are given
the time differences for when data were collected. Similar
patterns were observed for the comparisons with the
Korean sample (Kang et al., 2014) and the U.S. data
from the late 1990s for pressures ulcers, nosocomial infec-
tions, and medication errors (Aiken et al., 2001).
Strengths and Limitations
This study has limitations. The cross-sectional design
limits causal inference. The sample of 76 hospitals is
from three U.S. states; however, these three states are in
three of the major geographic regions of the United States.
We relied on nurse-reported adverse events, which are
easier to obtain than from health records. Nurse estimates
of quality have been shown to be valid and liked to mor-
tality (McHugh & Stimpfel, 2012). Future studies could
confirm these results using health record data. Once con-
firmed, studies could introduce work environment
improvements to potentially reduce adverse events.
Consistent with the Quality Health Outcomes Model,
our emphasis was on understanding structural factors of
the nurses’ work environment rather on psychological and
individual factors. Using a systems framework without
accounting for the potential influence of psychological
and individual factors might be another limitation.
The nurse survey data we used were collected from
2005 to 2008, representing a major limitation. Health
care is a fast-growing area. Policies and procedures are
constantly changing. Although AHA Annual Survey
data and AHA Hospital StatisticsTM data are available
annually, more recent hospital-level data on rural nur-
sing skill mix, work environments, and nurse-reported
adverse events from this many rural hospitals across
four large states were not available. The age of the
nurse survey data required the use of AHA data from
2006 to link the data sets for determining which hospitals
were rural. Despite the data being over a decade old, our
findings using these data are novel because the joint
influence of rural nursing skill mix and work environ-
ments has not been published elsewhere in the literature
to our knowledge. Our results using data from 2005 to
2008 inform a need to determine the extent to which
rural work environments and nursing skill mix might
be associated with adverse events in a more recent multi-
hospital data set. It is important to determine if changes
have occurred over time in rural nursing skill mix and
work environments, possibly due to changes in the
health-care system over the past decade (i.e., health-
care reform), to inform evidence-based health policy rec-
ommendations for improving patient outcomes.
In addition, we also acknowledge that the nurse
survey data from 2005 to 2008 do not provide informa-
tion about the rural hospital nursing resources after the
implementation of the Affordable Care Act. However,
rural health-care research experts continue to acknow-
ledge that the under-resourced nature of rural health
care, and continued difficulties that rural residents face
in accessing health care today, remain a significant chal-
lenge (Bolin et al., 2015). These persistent challenges
point to the need to consider this evidence that improv-
ing nurse work environments and increasing the propor-
tion of RNs to all nursing staff might be beneficial
modifications to improve rural patient care. This evi-
dence will also provide rural health researchers with
baseline evidence to determine if these relationships are
persistent in data sets that are more recent.
Implications for Practice
Although nurses are one of the most expensive costs for
hospitals (Aiken et al., 2017), the immediate costs asso-
ciated with increasing the proportion of RNs to all nur-
sing staff might be buffered by long-term savings in
health-care dollars through the prevention of adverse
events. One immediate solution to increased health-care
costs that might be attractive to hospital administrators
would be to decrease the largest costs of the hospital
budget, wages of nurses (Aiken et al., 2017). For exam-
ple, in an effort to contain costs, hospitals might hire
fewer RNs, which thus lowers the proportion of RNs
to all nursing staff, and increases the number of nursing
assistants. This approach, however, may not be in the
best interest for hospitals interested in optimizing value
because of the potential consequences of poorer quality
that may result from a skill mix with fewer nurse. It
might be possible that hiring fewer RNs to total nursing
staff decreases immediate, short-term costs, but this
approach omits an intangible but important theoretical
and empirical premise that highly skilled nursing staff are
associated with better health outcomes and might pre-
vent costly medical errors that could spiral out of control
far beyond the cost of base nurse wages.
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Conclusion
Hospitals that serve rural populations must contend with
financial and epidemiological challenges unique from their
urban counterparts. These challenges relate to the finan-
cial viability of their operation, the acquisition of well-
trained experienced human resources, and providing
high value care to populations that can be disproportion-
ately vulnerable. To overcome these challenges, it is
imperative that these hospitals invest in resources that
will optimize their efficiency and quality of care.
Investments to increase the proportion of RNs to all nur-
sing staff and improve the work environment in rural set-
tings can serve as strategies to reduce adverse events. Our
findings add to similar studies with samples from more
sizable population centers thus further supporting these as
promising strategies. This article provides a clear oppor-
tunity for rural health system administrators and policy to
improve the work environment and increase the propor-
tion of RNs to all nursing staff as a means to improve the
health and safety of rural populations.
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